Using the put-call parity no-arbitrage relation we empirically investigate the link between stock and options markets for the period around the 2008 short sale ban in the US. We document a significant increase in the magnitude of put-call parity violations in the direction of short sale constraints during the ban period relative to both the pre-and postban periods. More importantly, we find that the magnitude of put-call parity violations is a significant predictor of stock returns during the short selling ban period, while synthetic stock returns do not respond to this documented mispricing. A portfolio formed on the trading signal that the put-call parity violation is in the top 10% quantile underperforms the financial sector index by an average of 3.5% on a daily basis during the ban period. These results suggest a stock overvaluation during the short sale ban period and a delayed feedback from the options to the stock markets. We also show that the short sale ban period is characterized by a rapidly increasing stock implied volatility and higher options market bid-ask spreads, which are accompanied by higher trading volume and open interest. The ratio of put to call open interest increases during the ban period and peaks in the post-ban period, consistent with an increase in the demand for puts relative to calls. Our findings indicate that the implementation of the short sale ban is associated with a decoupling of the stock and options markets, resulting in market inefficiencies.
The recent financial crisis brought about severe government interventions in financial markets, one of the most notable being the 2008 short sale ban in the United States. The ban period was initiated with a permanent naked short selling ban on all stocks effective on September 18, 2008 followed by a covered short sale ban on a large number of financial stocks effective on September 19. The covered short selling ban was lifted on October 8, 2008 . The naked short selling ban remained in effect beyond the October 8 date. To put the severity and rarity of this event in perspective it suffices to note that the previous short selling ban in the US took place back in September of 1931 (see Jones (2008) ).
Short selling restrictions have been studied widely in the literature at both the theoretical and empirical level. In this paper we exploit this rare natural experiment setup to investigate the effect of the short selling ban on the US option and stock markets. More specifically, we examine deviations from the put-call parity no-arbitrage relation around the short sale ban and evaluate the ability of put-call parity violations to predict future stock returns. We shed new light to the previous literature that reports mixed findings on these issues, in addition to providing valuable new evidence on the implications of this drastic policy act on financial markets.
Our sample covers the period August 1st, 2008 to November 28th, 2008. It spans 84 trading days and includes a pre-and post-ban period. Our final sample includes 211 firms on the short sale ban list with traded options and 77,925 option pairs. An analysis of the characteristics of the options market during our sample period indicates some interesting findings. First, we document a higher average daily volume for both puts and calls during the ban period with a spike in volume on the first day of the short sale ban period. Second, the options open interest also exhibits a significant spike on September 19th, while the average put-call open interest ratio increases to 4.46 during the ban period relative to a value of 2.34 in the pre-ban period for medium term at-the-money options. The put-call open interest ratio peaks in the post-ban period at 7.07. This increase is consistent with a rise in the demand for puts relative to calls. Average daily open interest is at its highest for both calls and puts during the ban period and is dramatically reduced in the post-ban period. The option price bid-ask spreads increased substantially during the ban period for both puts and calls and despite a decline in the post-ban period, they still remained above their pre-ban period level. Finally, the short sale ban period is characterized by a rapidly increasing stock implied volatility, which remains at high levels in the post-ban period as the uncertainty surrounding the financial crisis continued.
The empirical estimation of the put-call parity relation reveals some interesting facts pointing in the direction of a decoupling of the stock and options markets associated with the short sale ban. First, for the whole sample period the actual stock price is on average higher than the synthetic stock price (positive violation) consistent with previous evidence in the literature. Second, the mean violation of put-call parity is significantly higher during the ban period relative to both the pre-and post-ban periods. However, in the post-ban period it remains significantly higher relative to the pre-ban period, perhaps due to the continuing naked short selling ban. Finally, during the ban period we observe both a significant increase in the average magnitude of the violation and an increase in its variability.
We further investigate this apparent decoupling of the stock and options markets by examining the ability of put-call parity violations to predict actual and synthetic stock returns. While we document strong evidence of actual stock return predictability, we fail to document any evidence of synthetic stock return predictability. We first compute daily average excess returns conditional on the violation of the put-call parity relation. 1 We form our portfolios conditional on the end-of-day violation and estimate returns using the next day open and close stock prices. We find that portfolios formed conditional on positive violations exhibit negative average daily excess returns for the whole sample period, but are only statistically significant in the period covering the short sale ban. Furthermore, changing the portfolio formation criteria from all positive violations to violations in the top 10% quantile reduces the mean daily excess return from -1.2% to -3.5% during the short sale ban period. Conditioning on negative violations of the put-call parity we document significant positive daily excess returns only in the pre-ban period in the magnitude of 0.68% and 0.8%, for all negative violations and violations in the bottom 10% quantile respectively.
Overall, our results indicate a strong stock overvaluation and a delayed feedback from the options to the stock markets.
The remainder of the paper is organized as follows. Section 1 offers a brief literature 1 Returns are estimated in excess of the financial sector returns. review and highlights our contribution. Section 2 discusses the put-call parity no arbitrage relation and the details of the 2008 short sale ban. Section 3 describes our sample formation process and provides an analysis of various option market characteristics during our sample period. Section 4 empirically estimates the put-call parity relation and conducts an analysis of the time series and distribution properties of its violations. Section 5 evaluates the ability of put-call parity violations to forecast stock returns. Finally, section 6 offers some concluding remarks.
Literature Review
Short selling restrictions have been argued to have significant effects on financial markets.
Theoretical models such as Miller (1977) and Harrison and Kreps (1978) argue that limits on short selling exclude pessimistic investors from the markets resulting in the overpricing of stocks. On the other hand, Diamond and Verrechia (1987) develop a rational expectations model and show that short sale restrictions do not on average lead to overpricing. However, their model also shows that short selling restrictions slow down the price discovery process by making it difficult for informed investors with negative information to participate in the markets. Extending this view Brunnermeier (2002, 2003) and Scheinkman and Xiong (2003) directly link short sale constraints to bubbles and excessive volatility.
Consistent with this, other papers provide empirical evidence that short sale restrictions have a significant impact on subsequent stock returns. For example Jones and Lamont (2002) using data from the 1920's and 1930's show that expensive to short stocks exhibit high valuations and low subsequent returns, while Ofek and Richardson (2003) show that short sale constraints in the form of option lock-ups exhibit a persistent negative impact on future returns. Furthermore, Asquith and Meulbroek (1995) , Aitken et al. (1998) and Danielsen and Sorescu (2001) , Asquith, Phatak and Ritter (2005) , Diether, Malloy, and Scherbina (2002) , and Boehmer, Jones and Zhang (2008) document that short sale constraints are associated with negative future returns. Bris, Goetzmann, and Zhu (2007) using international data on short sale restrictions find that prices incorporate information faster when short sales are allowed and practised. Saffi and Sigurdsson (2010) and Boehmer and Wu (2008) also provide evidence linking short selling to enhanced informational efficiency of market prices, while Bris (2008) links short selling restrictions to a decline in market efficiency.
Further empirical work has investigated the effects of short selling constraints in options markets through violations of put-call parity. Lamont and Thaler (2003) document that a small number of equity carve-outs in US technology stocks appear to violate the law of one price. Using option prices they find evidence that shorting costs were extremely high, eliminating exploitable arbitrage opportunities and conclude that "these stocks were unambiguously overpriced, and it is difficult to explain why in equilibrium anyone would own these shares". They attribute this persistent mispricing to the sluggish functioning of the shorting market. Ofek, Richardson and Whitelaw (2004) investigate the put-call parity noarbitrage relation in the presence of short sale restrictions. They find that violations of putcall parity are asymmetric in the direction of short sale constraints and that their magnitudes are strongly related to the costs and difficulty of short selling. Furthermore, they document that these violations are significant predictors of future returns for individual securities.
The aforementioned papers argue that their evidence is consistent with a behavioral finance theory of over-optimistic stock investors and market segmentation. Evans et al. (2009) also document that shorting costs move options out of parity and that the disparity grows as the rebate rate falls. However, they show that market-makers enjoy and share important advantages from getting short exposure in hard to borrow stocks through naked short selling and through their option to fail to deliver. As a result the growth in disparity is curtailed when rebate rates fall below zero, consistent with option market-makers choosing failure to deliver over negative rates and sharing some of the benefits. Battalio and Schultz (2006) have questioned the evidence of put-call parity violations in Ofek et al. (2004) showing that the violations mostly disappear once you use intraday options data rather than closing quotes. However, as Cohrane (2005) points out, Battalio and Schultz (2006) do not address the finding of negative expected returns in Ofek et al. (2004) . In a more recent paper Cremers and Weinbaum (2010) also document that deviations from put-call parity contain information on future prices of underlying stocks.
One important difference from the findings in Ofek et al. (2004) is that they document return predictability for both directions of put-call parity violations, which can not be explained by short sale constraints. That is, they document both a positive abnormal performance in stocks with relatively expensive calls and negative abnormal performance in stocks with relatively expensive puts. Using rebate rates they document that their findings are not driven by stocks that are hard to borrow. Furthermore, they show that the degree of predictability is decreasing over their sample period of January 1996-December 2005, indicating that the level of mispricing is gradually reduced over time. They attribute their findings to the trading activity of informed investors in the options markets rather than the stock market, along the lines of the equilibrium model of Easley, O'Hara, and Srinivas (1998) . In this paper we exploit the 2008 short sale ban in the US, as it provides a unique opportunity to re-evaluate the aforementioned contradicting findings within a period marked by unexpected and strict regulation change. This natural experiment also provides a valuable alternative to the reliance on the rebate rate to proxy for short sale constraints, an almost inescapable practise in previous literature.
Our paper differs significantly from other concurrent papers that examine the effects of the 2008 short sale ban on the stock market. Boehmer, Jones and Zang (2009) find large stock price increases upon the announcement of the ban followed by a decrease during the ban period. However, it is difficult to assign these price reactions to the ban because of confounding bank bailout announcements. In fact, they document no positive price effects in a smaller number of stocks that were added to the ban list at a later date. Harris, Namvar and Phillips (2009) using a factor analytic model that extracts common valuation information from the prices of stocks that were not in the ban list, find that banned stocks earned positive abnormal returns during the ban period, which persisted after the ban was lifted. Beber and Pagano (2010) recognizing the difficulty of identifying the stock price effects of the short selling ban in the US due to confounding events highlight the importance of international evidence. They examine short sale bans imposed and lifted in different countries in the financial crisis period of [2007] [2008] [2009] . They find that bans were detrimental to liquidity especially for stocks with no listed options and slowed down price discovery. They also document that the bans failed to support stock prices, with the US being a possible exception. Our US based analysis circumvents the confounding events surrounding the short sale ban because it is based on the violation of an arbitrage relation that links the stock and option markets, namely the put-call parity. The examination of the relative pricing of financial instruments constitutes a unique feature that differentiates our analysis from other studies that concentrate purely on the US stock market, as it neutralizes the pricing effects of news events that impact both the stocks and their corresponding options.
Thus our analysis allows for more conclusive empirical evidence on the effects of the short selling ban on both the stock and option markets in the US.
Our analysis and findings also complement and significantly extend the findings of other concurrent papers that either directly or indirectly examine the effects of the short selling ban on the options markets. Kolasinski et al. (2010) argue that the information content of short sales increased during the ban especially for stocks with listed options. They document significantly stronger relationship between publicly unobserved lagged short sale volume and returns during the ban and even stronger for stocks with listed options. They argue that this finding is consistent with informed traders migrating to the options markets. This is consistent with findings in Harris et al. (2009) who find that prices of stocks with options were less affected by the ban relative to other stocks. Battalio and Schultz (2010) using intraday options data investigate the impact of the short sale ban on the options market. They conclude that investors did not migrate to the options market to avoid the short sale ban. They document a significant widening of bid-ask spreads for options on banned stocks and lower synthetic stock prices relative to actual prices. Battalio and Schultz (2010) offer two plausible alternatives to explain the put-call parity violations.
First, that the stock prices are too high. Second market-makers set high ask prices for puts and low bid prices for calls to make-up for their difficulty in hedging their client's long put or short call positions. They conclude that the second explanation is more likely.
Our finding that only violations of the put-call parity in the direction of the short sale ban provide a strong predictability of stock returns constitutes direct evidence consistent with the first explanation. Stocks became overpriced as the stock and option markets decoupled during the short sale ban period. Furthermore, our finding of no predictability of synthetic stock returns is not consistent with an undervaluation of the synthetic stock price as an explanation of the documented put-call parity violation. Our results could be explained by informed trader migration to the options markets or by informed traders trading first in the options markets to begin with as in Cremers and Weinbaum (2010) with the short sale ban delaying the feedback from the options to the stock markets.
2 Put-call parity and the 2008 short sale ban It is well known that under the no-arbitrage condition, European options on dividend paying stocks must satisfy the put-call parity, i.e.,
where   is the current stock price,  is the dividend yield,  is the risk-free interest rate, and    (  ) and    (  ) are the call and put prices at time , respectively, on European options with strike price  and time-to-maturity  . For American options, equation (1) can be written as:
where    (  ) and    (  ) are the call and put prices at time , respectively, on American options with strike price  and time-to-maturity  , while    (  ) and    (  ) are the early exercise premia on the American call and put options, respectively.
If equation (2) is violated at least two conditions must be met. First, although it is no longer strictly an arbitrage relation as the values of the early exercise premia are incorporated directly, there must be some limits to arbitrage that prevent the convergence of the two sides of the equality. The most commonly cited limit is short sales restrictions (see Ofek et al. (2004) ). Without short sales, if the present value of the stock price at expiration,    − , exceeds the present value implied by the options and bonds markets, then there does not exist a mechanism that will automatically lead to convergence of the two values. In this case, relation (2) can only be restored if investors that physically possess stocks are willing to sell them. Second, there must be a reason why these assets have diverging prices in the first place, thus violating the law of one price. The most popular explanation for that phenomenon lies in the roots of behavioral finance (see Lamont and Thaler (2003) We constructed our final sample of option prices after applying the following filters: 2. We eliminate options that violate the boundary conditions.
3. We eliminate options with maturities of less than 30 days or greater than 365 days.
4. We eliminate options that are either deep in-or deep out-of-the money (i.e. |ln (  )|  03).
5. On each date, we eliminate call or put options that do not have a corresponding put or call option with the same maturity and strike price.
We restrict our sample to homogenous sets of option pairs in terms of moneyness and maturity. Therefore, we sort option pairs into three moneyness groups as follows: At-
and Out-of-the money (OTM), −03  ln(  )  −01. We also sort them into three maturity groups as follows: Short maturity, 30-90 days, Medium maturity, 91-182 days and
Long maturity, 183-365 days. On any given date and for any given stock there may be multiple pairs that satisfy the moneyness and expiration criteria. If this is the case, we select the option pair that is closest to the middle of the range. Thus, there is a single option pair per moneyness per expiration each day for every stock in the final sample. As the stock options traded by the CBOE are American we need to estimate the early exercise premium. To this end, we use the method of Ho et al. (1994) to estimate this premium for each option (call or put) on each date. Table 1 , describes our final sample of option pairs that will be used in the remainder of this study. The sample includes a total of 77,925 option pairs across the period, with approximately 185 firms per date and 2 option pairs per firm. The median number of observations per firm is 81, which is very close to the total sample period of 84 days. The median and mean moneyness of the option pairs are −00038 and −00031, respectively, while the median and mean maturity are 122 and 124 days, respectively. The table also presents the summary statistics for the three maturity and the three moneyness groups that the sample is broken into. These summary statistics indicate that for the period examined the medium-term ATM options have the highest trading activity, while the long-term ITM options have the lowest. The results of Table 2 indicate that overall the daily volume is larger during the ban period compared to the pre-and post-ban period. This holds for both calls and puts.
However, this large average value is due to a considerable increase in daily volume on This is mainly due to the observations of September 18 (which belongs to the pre-ban period) and that of September 19 (which also belongs to the pre-ban period for the firms added on the list at a later day). For the more liquid medium term ATM options both the put and call open interest typically peaks during the ban period. This is also seen in If we assume that the put-call open interest ratio is driven by customer demand rather than supply when there are limits to arbitrage (see Han (2008) ) then investors demand more put options relative to calls. During the ban period, where there are indisputable limits to arbitrage, the put-call ratio becomes even larger strongly indicating a demand pressure for puts either for protection or for constructing a synthetic short position in the stock. However, it appears that the SEC imposed limits to the market maker short selling exemption during the ban period may have partially curtailed the demand for put relative to call options as the put-call open interest ratio exhibits a further significant jump to 7.07 after the ban is lifted.
The argument of demand driven prices can also be supported by the Black-Scholes implied volatility descriptive statistics (see Table 2 and Figure 2 ). The put implied volatility is larger compared to the implied volatility of the corresponding call option with the same strike price and maturity. Again, this implied volatility spread increases during the short sales ban period, consistent with the findings of Bollen and Whaley (2004) that related the daily change in implied volatility of a given option to its net buying pressure. Note here that the increase of the implied volatility spread implies a larger violation of the put-call parity relation during the ban period, which we will exploit in the remainder of the paper.
The results of Table 2 also indicate that, in general, the average bid-ask spread as a percentage of the midpoint of the corresponding option quotes is larger in magnitude during the shorting ban period relative to the pre-ban period. In the post-ban period the bid-ask spreads are reduced, but still remain higher than the pre-ban period. For the calls the average bid-ask spread in the pre-ban period is 6.7%, increases to 10.37% during the ban period and is reduced to 8.46% in the post-ban period. The corresponding numbers for the puts are lower at 5.88%, 8.83%, and 7%, respectively, but follow the same trend. The above findings are also seen in Figure 2 , which presents the daily average, across firms, bid-ask spread and implied volatility for the medium-term ATM calls and puts. Finally, the descriptive statistics of the early exercise premium (EEP) measured as a percentage of the midpoint of the bid and ask quotes indicate a low value, typically lower than 1%.
Put-call parity relation: An empirical examination
In this section we perform an empirical analysis of equation (2) in order to examine whether hindering arbitrage via the short selling ban has affected the direction and magnitude of the put-call parity violation. We expect the short sale ban to exacerbate the magnitude and perhaps the occurrence of put-call parity violations in the direction of the short sale ban.
That is, we expect the actual stock prices to be more expensive than their corresponding synthetic share prices because short selling, the mechanism that could restore parity in this case, is not available. 3 Table 3 presents distribution statistics of the put-call parity violation as well as the percentage of violation in each direction for the full sample (see Panel A) and for the medium maturity ATM option pairs, which are the most liquid contracts (see Panel B). All statistics are given for the period before, during, and after the short sale ban. As previously,
we also look at the subset of firms that were added to the ban list on Monday 22nd and on Tuesday 23rd of September, 2008 . Following Ofek et al. (2004 this table reports the ratio
where
is the synthetic stock price implied by the options market. Panel C of Table 3 reports the test statistics and the corresponding p-values for testing the mean and the median equality of the variable  observed before the shorting ban period (denoted as   ), during the shorting ban period (denoted as   ) and after the ban period (denoted as   ). These tests are based on the full sample of medium-term ATM options.
There are several interesting observations from the results reported in Table 3 . First, in the sample period examined,  is on average positive across firms. This is in accordance with the findings of previous studies (see Ofek et al. (2004) and Cremers and Weinbaum (2010) ). Second, the violation is larger in the shorting ban period than before. This holds for all the subsets of firms reported in the table. This is also confirmed by the test statistics and the corresponding p-values reported in Panel C. The null hypotheses that the mean and median  are equal before and during the shorting ban period as well as before and after the ban period are rejected at the 1% significance level. However, while we can reject the null hypothesis that the mean  is equal during and after the short sale ban period we can not reject the corresponding hypothesis for the median . During the one and a half month period after October 8 the put-call parity violation was not restored to its pre-ban period level. Note however, that in the post-ban period the options volume and open interest are at their lowest levels (see Table 2 and Figure 2) . A third observation that can be made from the results of Table 3 is that during the shorting ban period  takes more extreme positive and negative values compared to the values reported before and after the ban period. This is confirmed by the 5th and 95th percentiles and the graphs of Figure   3 . These graphs present the empirical distribution of the put-call parity violation measure () before, during and after the shorting ban period for the full sample of option pairs. 4
The shorting ban did not only affect the magnitude of the put-call parity violation, but it is also associated with an increase in its variability. This is also apparent in the percentage of positive and negative violations reported in the last two columns of Table 3 . During the short sale ban period the average percentage of negative violations is larger compared with those before and after the ban period.
To closer examine the relation between the time dimension and magnitude of the putcall parity violation and verify that the values of Table 3 are not driven by outliers, Table 4 and Figure 4 present the average daily value of  across firms as well as the daily percentage of positive violations. The numbers in Table 4 and the graphs of Figure 4 correspond to the medium-term ATM option pairs.
On September 18, when the permanent ban of naked shorting was implemented, we observe an increase in the put-call parity violation and in the percentage of positive violations 4 This distribution is estimated using a Gaussian kernel and bandwidth:
where  is the standard deviation of  and  is the number of observations.
(90% compared to 49% the previous day). This sharp increase is evident in all subsets of firms examined. The next day, when all shorting activity on financial stocks was banned (with the exception of options market-makers) we observe a further increase in both the magnitude of  and in the percentage of positive violations. For the firms included in the initial ban list the violation was substantially larger in magnitude and frequency (on average equal to 0.047 with an astonishing 98% of the firms having a positive ). For all the firms included in our sample, the percentage of positive violations exceeded the 90% mark on this day. Thus, even firms that were added on the ban list in the following days experienced an increase in put-call parity violation on September 19. A possible explanation for this could be the permanent ban on naked shorting in all US stocks already initiated the day before, or perhaps a difficulty in shorting even these stocks after the announcement of the ban affecting a large number of financial stocks. On Monday, September 22, the put-call parity violation measure showed a decrease, which again was larger for the firms added on the ban list on September 19. This decrease might be attributed to the clarification by the SEC that market-makers were exempt from the short sale ban, albeit with some limits, which took place the day before.
On Monday, September 29, the violation evidence appears to be reversed. This is the only day on which we observe a negative average violation of put-call parity with the percentage of positive violations across firms dropping to 38%, the lowest during the short sale ban period. This holds for all subsets of firms examined. These numbers seem to contradict the relation between positive violations of the put-call parity and the short sale ban that we observe on all other days. Interestingly, on this day we also observe an During the period between October 3 and October 8, when the SEC had already announced that the short selling ban would be lifted on Thursday, October 9, we observe a decrease in the put-call parity violation and in the percentage of positive violations across firms. A possible explanation for this behavior is that  *  converged towards   as the markets anticipated the resumption of short selling. Thus, on October 9, i.e., the first day after the expiration of the shorting ban period, we observe a mean value of  that is close to the values in the pre-ban period. However, after that date and for the remaining of the period examined, the put-call parity violation experienced larger magnitudes and variability compared to the pre-ban period, as already seen from the results of Table 3 and the empirical distribution of put-call parity violations in Figure 3 . This could be attributed to the naked short selling ban, which remained in effect.
Predictability of stock returns
In this section we examine the ability of the documented violations in put-call parity to forecast future stock returns. If the options and stock markets are segmented in terms of investor classes into informed and uninformed or into rational and over-optimistic, we would expect the short sale ban to slow down the price discovery process in the stock market by delaying the feedback from the options market to the stock market. A direct implication of this explanation is that the violations of put-call parity could predict future stock returns during the ban period. On the other hand, if the short sale ban resulted in deterioration of the options market quality beyond that of the stock market quality, as perhaps measured by an increase in bid-ask spreads, we would not expect to document any feedback from the options market to the stock market.
One way to assess predictability is to examine the excess portfolio return over the sample period, conditional on available information such as the current put-call parity violation.
As in Ofek et al. (2004) we measure the excess return on each stock by subtracting out the financial sector industry return. We perform our analysis using the medium-term at-the-money option pairs. To avoid spurious predictability we form portfolios based on the end-of-day put-call parity violation, but we estimate returns based on the open and close prices of the following day (see Cremers and Weinbaum (2010) ). We form six different portfolios that satisfy one of six alternative criteria: (1) stocks with positive put-call parity violation, (2) stocks with put-call parity violation larger than the median violation of that day, (3) stocks with put-call parity violation larger than the 90% quantile of violations, (4) stocks with negative violation, (5) stocks with put-call parity violation smaller than the median violation, and (6) stocks with put-call parity violation smaller than the 10% quantile of violations. Each portfolio has equal weights on all stocks satisfying the relevant criteria and is rebalanced on a daily basis. 6 This exercise is performed on the 154 firms added on the ban list on September 19. Table 5 reports the statistical properties of both the raw and and excess returns of these six portfolios. The average raw returns are negative in the ban and post-ban periods, but they are consistently significantly diferent from zero only in the ban period. While the raw returns are reported to provide a more complete picture of our analysis, we concentrate our discussion on the excess returns. In general, the mean excess return is positive during the pre-ban period and negative during the ban and the post-ban periods for all portfolios examined. Also, for the whole sample period, portfolios with positive put-call parity violation (i.e., portfolios (1)-(3)) have negative mean excess returns, while portfolios with negative violation (i.e., portfolios (4)-(6)) typically exhibit positive returns. For the pre-ban period, only the mean excess return conditional on strictly negative violation (portfolios (4) and (6)) is positive and significantly different from zero at the 5% level. 7 During the ban period, only the mean excess portfolio return conditional on positive put-call parity violation (portfolios (1)- (3)) is negative and significantly different from zero. These returns are more negative the greater the put-call parity violation. Indeed, changing the portfolio selection criteria from   0 to    90 significantly decreases the daily mean excess return from −0012 to −0035. For the post-ban period, the results of the table indicate no apparent predictability of stock returns. Figure 5 graphs the daily cumulative excess returns on portfolios (1) and (4) over the sample period. Inspection of Figure 5 leads to several interesting observations. First, portfolio (4) outperforms portfolio (1) across the sample period. Second, the returns of the two portfolios are closely related in the pre-and the post-ban period. The correlation coefficient is 97% and 90%, respectively. However, during the ban period the returns of the two portfolios follow different patterns (the correlation coefficient is −38%). Portfolio (1) experiences poor returns, consistent with the results of Table 5 , compared to the performance of portfolio (4). It is therefore evident from figure 5 that our mean based results in Table 5 are not driven by a few extreme observations.
The results in Table 5 and in Figure 5 show that a positive put-call parity violation predicts a negative stock return the following day. The natural conclusion is that the bias in the pricing of the actual stock relative to the synthetic is driven by an overvaluation in the actual stock price, which adjusts downwards the following day. Battalio and Schultz (2001) provide an alternative explanation for the positive put-call parity violation. They argue that because it was difficult for market makers to hedge customers' long positions in puts and short positions in calls they increased ask prices for puts and lowered bid prices for calls. This explanation implies that the bias in the relative prices of stocks and options, documented by the positive put-call parity violations, is driven by the options markets. That is the mispricing is in the form of an undervalued synthetic stock price. This is directly contradicted by our evidence in Table 5 and Figure 5 that imply a stock overvaluation and a next day correction. As a robustness test of this result we test whether the synthetic stock prices respond to the put-call parity violation. More explicitly, we test whether a positive put-call parity violation predicts a positive synthetic share price return the following day. Table 6 reports the corresponding synthetic share raw and excess returns of six portfolios formed with the same selection criteria as the six portfolios in Table 5 . The results reveal no evidence that put-call parity violations predict the next day synthetic share ruturns, reinforcing our conclusion that actual shares are overpriced. 8 We proceed to perform a further robustness test on the aforementioned predictability results, by estimating the following panel data model:
where the dependent variable is the daily stock excess return  and the independent variables are the put-call parity violation measure  calculated on the previous day and three dummy variables accounting for positive violations, negative violations during the ban period and positive violations during the ban period. We use three different methods to estimate the model. First, we apply generalized least squares with a groupwise correction for heteroskedasticity and an AR(1) correction for autocorrelation. The second method uses a one-way fixed firm effects estimation with robust standard errors, while the third applies a one-way fixed firm effects estimation with bootstraped standard errors. Table 6 reports the results. 
Conclusions
We document a significant increase in the magnitude of put-call parity violations in the direction of short sale constraints during the 2008 short sale ban period relative to both the pre-and post-ban periods. The short sale ban period is characterized by higher option market bid-ask spreads, which are also accompanied by higher trading volume and open interest. The put-call open interest ratio increases during the ban period and peaks in the post-ban period. We also find that the magnitude of put-call parity violations is a significant predictor of stock returns during the short selling ban period.
Our finding of strong return predictability during the short sale ban period provides strong evidence that the stocks in the short sale ban list became overvalued. Furthermore, our finding of no predictability of synthetic stock returns is not consistent with an undervaluation of the synthetic stock price as an explanation of the documented put-call parity violations. The short sale ban helps explain the existence of significant violations in put-call parity. However, the source of this apparent mispricing is not immediately obvious. While our findings are consistent with the behavioral finance explanation given in Ofek et. al. (2004) , they might also be explained by the findings in Cremers and Weinbaum (2010) that informed investors trade first in the options market along the lines of sequential trading as proposed in Easley, O'Hara and Srinivas (1998) . In the first case, the short sale ban prevents potential irrational (over-optimistic) investor sentiment in the stock market to be arbitraged immediately, while in the second case the short sale ban delays the informational feedback from the options market to the stock market. We might only conjecture which of the two explanations is more prevalent. The behavioral finance explanation appears likely as the violations of put-call parity and the return predictability are one-sided and in the direction of short sale constraints during the ban period. However, the financial crisis and the relatively short period the ban was in effect could be biasing against predictability in the other direction, which is evident, though weaker, in the pre-ban period. 
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pre-ban ban post-ban total on a number of variables relating to the call and put options in our sample. These variables are the open interest, the put/call open interest ratio, the daily trading volume, the bid-ask spread (as percentage of the midpoint of the corresponding option quotes), the early exercise premium (denoted as EEP) estimated using the Ho et. al. (1994) approach and the Black-Scholes implied volatility (denoted as IV). These summary statistics are estimated for the full sample of firms added on the ban list as well as for the firms added on September 19, September 22 and September 23. For each one of these four different categories the table reports descriptive statistics for the pre-ban, the ban, and the post-ban periods as well as for the entire sample period. Panel A presents the numbers for the full sample of option pairs, while Panel B for the medium-term ATM contracts. 
15.43 0.00 This table reports the distribution of the put-call parity violation measure . The last two columns present the average percentage negative and positive values of  across the relevant sub-samples and periods. The distribution statistics are estimated for the full sample of firms added on the ban list as well as for the firms added on September 19, September 22 and September 23. For each one of these four different categories the table reports descriptive statistics for the pre-ban, the ban, and the post-ban periods as well as for the entire sample period. Panel A presents the numbers for the full sample of option pairs, while Panel B for the medium-term ATM contracts. Panel C reports six tests that examine the equality of means and medians (denoted as ) before (denoted as   ), during (denoted as   ) and after (denoted as   ) the shorting ban period. These test statistics have an asymptotic  (0 1) distribution under the null hypotheses and are based on the full sample of medium-term ATM options. average put-call parity violation measure  across firms along with the corresponding percentage of positive violations for specific days of our sample. These numbers are provided for the full sample of firms added on the ban list as well as for the firms added on September 19, September 22 and September 23; they are based on the medium-term ATM option pairs. properties of six alternative portfolios formed based on the end-of-day put-call parity violation that match one of the following criteria: (1) stocks with positive put-call parity violation, (2) stocks with put-call parity violation larger than the median violation of that day, (3) stocks with put-call parity violation larger than the 90% quantile of the violation, (4) stocks with negative violation, (5) stocks with put-call parity violation smaller than the median violation, and (6) stocks with put-call parity violation smaller than the 10% quantile of the violation. The put-call parity violation is measured for medium-term ATM options pairs for the firms added on the ban list on September 19. These portfolios are equally weighted and rebalanced each day from August 1 to November 28, 2008. The table presents the average daily portfolio raw return and the average daily return in excess of the industry return for the pre-ban, the ban and the post-ban periods as well as for the entire sample period. It also reports their corresponding standard deviations and p-values, which test the equality of the mean raw and excess returns to zero. These daily returns start to accrue with the first trade when the stock market opens on the day that follows the calculation of the put-call parity violation. properties of six alternative synthetic portfolios formed based on the end-of-day put-call parity violation that match one of the following criteria: (1) stocks with positive put-call parity violation, (2) stocks with put-call parity violation larger than the median violation of that day, (3) stocks with put-call parity violation larger than the 90% quantile of the violation, (4) stocks with negative violation, (5) stocks with put-call parity violation smaller than the median violation, and (6) stocks with put-call parity violation smaller than the 10% quantile of the violation. The put-call parity violation is measured for medium-term ATM options pairs for the firms added on the ban list on September 19. These portfolios are equally weighted and rebalanced each day from August 1 to November 28, 2008. The table presents the average daily portfolio raw return and the average daily return in excess of the industry return for the pre-ban, the ban and the post-ban periods as well as for the entire sample period. It also reports their corresponding standard deviations and p-values, which test the equality of the mean raw and excess returns to zero. The daily returns of the synthetic portfolios are calculated from the end-of-day synthetic stock price  *  implied by the put-call parity relation for the medium-term ATM options. The dependent variable is the daily stock excess return  and the independent variables are the put-call parity violation measure  calculated on the previous day and three dummy variables that account for positive violations, negative violations during the ban period and positive violations during the ban period. The model is estimated using three different methods. The first applies a generalized least squares estimation with a groupwise correction for heteroskedasticity and an AR(1) correction for autocorrelation. The second uses a one-way fixed firm effects estimation with robust standard errors, while the third applies a one-way fixed firm effects estimation with bootstraped standard errors. Panel A reports the estimated coefficients and the p-values of the t-statistics in parentheses. Panel B presents the test statistics and the corresponding p-values of three combined restriction tests of the model parameters. These test statistics have an asymptotic  2 (1) distribution under the null hypotheses. 
